Second, the best preservation of microsomal enzyme latency is achieved by freezing at maximum microsome concentration, as pellets, which implies a minimum of exogenous cyoprotectant : even suspensions frozen in 0.25 M-sucrose are slightly more leaky (data not shown).
Cryosensitization of microsomal membranes by KCl appears not to have been recognized previously and may explain several paradoxical findings from the literature. One is the report that guinea pig liver microsomes prepared, washed and frozen in 0.154M-KCl uniquely lose UDPglucuronyltransferase latency (assayed with 4-nitrophenol), while retaining latency for nucleoside diphosphatase (Graham et al., 1979) . This has been used to support an unusual model for UDP-glucuronyltransferase which postulates that different copies of this enzyme coexist in either exposed or buried states in intact (sealed) microsomal vesicles (Graham et al., 1979; Onah et al., 1982) . Exposed glucuronyltransferase was thought to predominate in KC1-prepared guinea pig liver microsomes, while buried transferase predominated in sucrose-prepared guinea pig liver microsomes and in sucrose-or KC1-prepared rat liver microsomes.
Graham et al. (1979) thought they had excluded the possibility that these different patterns of latency might be caused by different preparative or storage conditions variably permeabilizing microsomal membranes, because UDPglucuronyltransferase was almost fully expressed in KClprepared guinea pig liver microsomes while nucleoside diphosphatase latency was apparently fully maintained. This enzyme, of course, should also have been highly expressed if KCI-microsomes simply had more permeable membranes. The present results show, however, that nucleoside diphosphatase is fully expressed in KC1-prepared guinea pig liver microsomes, similarly to UDPglucuronyltransferase and mannose 6-phosphatase. Thereby, they lend no support to the theory of exposed and buried forms of glucuronyltransferase coexisting in sealed microsoma1 vesicles. Instead they fit a simpler compartmentation model for latency of all three enzymes (e.g. Hallinan & de Brito, 1981 One-electron reduction of anthraquinone will result in the formation of an anthrasemiquinone free radical. The propagative nature of free radicals can overwhelm cell defence mechanisms and give rise to various toxic consequences including lipid peroxidation, protein covalent binding and DNA damage (Trush et al., 1982) . Such toxic events are known to be mediated by the anthracyclines, a class of anthraquinone-based antitumour agents which by metabolic one-electron reduction undergo anthracycline free-radical formation. These free radicals may directly interact with cell components or can, under aerobic conditions, redox cycle, a process that regenerates the parent anthracycline and produces superoxide anions (Gu tierrez et al., 1983) . A variety of other drugs, natural products and dyes contain a substituted anthraquinone moiety and by analogy with the anthracyclines may also be candidates for metabolic one-electron reduction and associated consequences. It was of interest, therefore, to establish whether anthraquinone per se could be reduced metabolically to anthraquinone free-radical. E.s.r. spectrometry was used to directly monitor free-radical formation. Mouse liver microsomal fraction was first used as a source of enzyme since microsomal NADPH-dependent cytochrome P-450 reductase can act as a one-electron donor to a variety of substrates (Mason & Chignell, 1982) . Anthraquirrone or 1,4-dihydroxyanthraquinone were incubated with microsomes in the presence of an NADPH-generating system and phosphate buffer (pH 7.4, 2 0 0 m~) under essentially anaerobic conditions (produced by nitrogen purging of the entire incubation mixture in an e.s.r. flat cell). After incubating for 15min at room temperature an e.s.r. free-radical spectrum was observed for 1,4-dihydroxyanthraquinone with a line width of 6 G and g value of 2.0038 ( Fig. la, see legend for e.s.r. operating parameters). Under identical incubation conditions an e.s.r. free-radical signal was also obtained for anthraquinone at the limit of the e.s.r. spectrometer sensitivity (Fig. lc) . However a 30min incubation was necessary before detection of the signal, and the signal intensity was 6.5-fold less than that observed in the presence of 1,4-dihydroxyanthraquinone. These spectra were attributed to metabolically formed anthraquinone free radicals since none were observed when NADPH, microsomes or compounds were absent. The identification of these free radicals as anthrasemiquinones was not possible due to the lack of hyperfine splitting in the observed e.s.r. spectrum.
Other intracellular sites of 1,4-dihydroxyanthraquinone reduction were subsequently investigated. Mouse liver intact nuclei were isolated and shown to be essentially free of endoplasmic reticulum by standard methods (Tata, 1974) . Using identical incubation and e.s.r. conditions as described above an e.s.r. spectrum for 1 ,Cdihydroxyanthraquinone free radical was observed in nuclei but only when NADPH and native protein were present. Mouse liver cell cytosol (1OOOOOg supernatant) also gave rise to an e.s.r. spectrum for this compound although exogenous NADPH was not prerequisite, presumably due to the presence of endogenous reducing equivalents.
The absence of hyperfine coupling in the e.s.r. spectrum for 1,4-dihydroxyanthraquinone free radical generated in microsomes, nuclei or cytosol may be g-value anisotropy. This is a consequence of hindered rotation of the free radical molecules when trapped in cellular membranes. However, this would nat be expected to occur in the cytosol fraction. 1,4-Dihydroxyanthraquinone free radical generated at pH 7.4 by borohydride does exhibit a well-defined hyperfine coupling spectrum. Anaerobic conditions were essential for 1,4-dihydroxyanthraquinone free radicals to be observed in microsomes, nuclei and cytosol. Addition of air or oxygen subsequent to free-radical formation abolished the e.s.r. signal (see Fig. lb ). This sensitivity to oxygen is also VOl. 12 BIOCHEMICAL SOCIETY TRANSACTIONS associated with anthracycline free radicals, and by analogy, may be the result of one-electron transfer from 1,4-dihydroxyanthraquinone free radical to molecular oxygen. This process would prevent the formation of a measurable concentration of 1,4-dihydroxyanthraquinone free radical from accumulating.
In summary the results demonstrate that liver cell endoplasmic reticulum, nucleus and cytosol have the metabolic capacity for anthraquinone free radical formation, the extent of which may be determined by anthraquinone-ring substituents. The consequences of this metabolic event is the subject of further investigations. 
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Pharmacol. 31, 3335-3346 Fig. 1 . The e.s.r. spectrum of (a) 1,4-dihydroxyanthraquinone ji-ee-radical(4mM), (b) collapse of spectrum by addition of air and (c) anthraquinone free-radical (5mM) All incubated anaerobically at room temperature in the presence of microsomal protein (7mg) and NADPHgenerating system in phosphate buffer (pH 7.4, 2 0 0 m~) .
A Varian 109 X-band e m . spectrometer was used, incident microwave power 4mW ; modulation amplitude 4G ; receiver gain lo5; time constant 1 s; scan time 8min. In animals, drugs such as PB, polycyclic aromatic hydrocarbons such as 3-MC, and exposure to cigarette smoke induce different groups of cytochrome P-450 isoenzymes. On the basis of alterations in drug metabolism in viuo, it is believed that a similar induction of cytochrome P-450 isoenzymes occurs in man (Hunter & Chasseaud, 1976) . As yet, however, direct evidence for this from studies of human tissue in uitro is sparse (Remmer et al., 1973; Brodie et al., 1981 ; Manchester, 1981) . The induction of different isoenzymes of hepatic microsomal cytochrome P-450 in animals by PB, 3-MC or cigarette smoke can be characterized by the large changes that occur in the metabolism in vitro of certain members of a homologous series of phenoxazone ethers related to ethoxyresorufin (Burke & Liver was obtained from 33 kidney transplant donors and 14 patients undergoing investigative abdominal surgery. The microsomal metabolism of phenoxazone and a homologous series of phenoxazone ethers (methyl to octyl, plus benzyl) was measured at 37°C using the direct fluorimetric method of Burke & Mayer (1974 , 1983 . Microsomal cytochrome P-450 was measured using the spectroscopic method of Omura & Sato (1964), applying an extinction coefficient of 91 mM-cm-'.
In rats the distinction between control, 3-MC-induced and PB-induced hepatic microsomal cytochromes P-450 was most clearly shown by a comparison of the rates of metabolism of methoxy-, ethoxy-, pentoxy-and benzyloxyphenoxazone. 3-MC-induction preferentially increased the metabolism of ethoxyphenoxazone (51 x ) compared with only a slight increase in benzyloxyphenoxazone metabolism (6 x)and an 87% decrease in pentoxyphenoxazone metabolism. PB-induction preferentially increased the metabolism of pentoxyphenoxazone (284 x ) and benzyloxyphenoxazone (95x), compared with only a slight increase in ethoxyphenoxazone metabolism (6 x ). Methoxyphenoxazone metabolism was increased similarly by 3-MC (43 x ) or PB (36x). In Fig. 1 these differences between (a) control, (6) 3-MC-induced and (c) PB-induced rat liver microsomal cytochromes P-450 are shown as sets of four-bar histograms,
